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‘1’his papc.r prcsc.nls an update  of t h e  first 1994
c{)ll}]]ct~(lill  tlJ(Jfsit~p,lc e\ct][t cst(l:t(:if  ()]l>()w'crM( )S1)l Tl's. II

[m)vidcs  fai I Lll t’ II IIL’SIIOI(IS  110111  bLlllloUt or ~ate. ~Llp(L1l’C fill ()1

Cflccls  (Slili)  lest data
“1’hc IIocing Conlpany,

]]ol)CyWCt[ Sj):ICC! SyStCH)S [iloLIJ)  (~[CWW[ltC1’,  ]/1,),  ~’hfJ
Acrospacr  Corpolatioa, the group a t  t he  LJnivcrsity  of
Ari~(Jl]:l,N WS[~([~][lilc,lN ):it](l()  tl]crsl~:tvcl> cct~il]clLl(lc(l in
(Ilis p ape r .  ‘1’IILIs, Il)is papc.t  is a supplctnc.a(  10 an origihal
coll]pc]ldiul)l prcscIIlcd  ia 1 9 9 4  (I<cf’. l.) ‘1’hc intcn( is 10
pICSCIII  a co]l~l~]ct~ctlsi~c SC( of M[)Sl~Ii’1’  daIa fIOIII  M a y ,
1994, to May, 1996. 11 is bclicveci, however, thal additional
datn Inay  bc available ttmt has aot bccvl published or bwu~ht
toollt:lt(ct~tio]l. Col~ttibllto]swll(  ]clcsirc” it]clasioa  in [bis aad
any iututc  compendia sbm]d coal:ict ]ha Nichols.

‘1’his data set  inclu(lcs  fa i lu re  th resho ld  vo l tages
(V])S  = dlaimsoaruc  ifolt:lge)l’ort~(~lll”  siaglccvcn[  buraoul
(S1il{) and single c.vent gate. rupture or dama~,c (S}iG1{  or
Sli(il))  01” M[)SIUlrl’  power dc.vices. l’t]cleist~c)t]:lrcl  Iincof
scparatioa bctwma  power dcviccx ad lower power dc.vices,
a(w is lhclc a (lctllc)llslt:Ilt’(i immunity of Ihc lallm 10 Slili.
“1’lIcrc’ is solIlc  data (]]0[  shows) for S1;11  of apn bipo]at
dcviccs ba( aonc for pap bipolar dcviccs. ‘1’llcbi]~[)l:ii(l:ll:l is
slill ve ry  Iitnild ad 1101 illC]LKIC(l  ia this  conlpc.n(li  Llm,

‘1’hc ])111’poSL7  Of (I)C plcscnt WA is (() Sapplclllcllt  t h e

data (d’l<cf’.  I in (dcrto:
(l)] J]()\`i(lc  (lcsigtl  ct]p,itlccrs willl{)lJct:tlil]g,  vo](agc

Iil]lils  (IIIaX  V])s  I(M a spccifid V~;S) ollcsld dcviccs.
(2) i(lclltify  l]lls}Jccifie.(l  llt()ccssv:lri:llJlcsl  clcv:il][[()

Sill 1 l“L’spollse
(3) idclllify ttlosc paramclcis  characlcri?iag  Slili

l’rs X)asc}

(4) pIcseIIl  lIeads that permit cxtl-apolation f’rol]]  (Iv2
cxistiag da(a set.

Scwral  possible tcsli ag appoacl)cs have bcca

coasidcrcd,  tml lwo arcof fuadamcala] impmlaacc.  oac
ap]mach  atle.mpts to mcasum  the SIX/Sli CIR cross scctioa vs
V])s  of ii dcvicc fol” a given tcsl ion (01 equivalently a given
1,1~1’)l{~rafixe.ci2,[itc  s(J~lrce  \(Jll:ige(  V[;S):lll(lt  elll]>c.r:itLlrc,
‘I’l~is lyllcofc  tosssccliorlsll  olllcl]](lt hcconfuscd  with(tw
] J i’1’-dcpcadca(  CI oss scctioas tabu[a(e.d  10 I soft  C.11’OIS in lG.
‘1’hc traasislor cress section cqaa]s  mm) al 10WCI  V])s  and
riscsvcry  rapidly only al itstlwcshold V1>S (all]mst Iikc a step
f[ltlcti()tl); lllctllctl(ls t()lc\fcl () ff:lls(~lllcwll:ltt  ]igtlcrV]JS.  So
far, few cxpcri mcnt have cxtcadcd lhc data kr bcyoad
thlCShok\,  bLlt SllCh(t:l(;l  iSll)ClltiOld WhCll klloWJ1.

‘1’o obtain  SJil 1 rates for a spccifid caviroanlcnt  and
ol>cl:itill~c{)ll(liliot]  (defiad [>ytel]]l~c]:(tlllcafl(l  V[; S), otm
laasl  pcrfolln  Il]cstltllecxllctill]clll  fw scvcr:il  olbcrioas  10
cstablisb  the vo]lagc  thrcsbold  aad cross scclioas abovceiicb
of the vo]tag,c failai-c Ihrc.sho]ds. ‘Ibis approach rcqaitcs  a
large sample  size aad still C1OCS not provide an adcquak  b:lsis
forc:ilcl]liltit~ gtl]cclc~iccll  j~sctriltc.  Allc)ftl~c]~rccccli]lg
cross seclions  must alsobe  rcpcatcd  foI:IIIglcsol13c:IIII”
illciclctlccglc:ltcltt]at]  zero, ualcss aplausib]c  angle
dcpc.ndc.ace has bcc.n provided.

‘Ihc second appoacb  seeks silnply to idcalily the
Ihrcshold vollage Vl)S(tl~)  f(Irf:lilllrc  f~l]-{tg,i\Jci] ion (LISLI:illy

Ni/I~e{)r  lll/Kr),:  \fixc(lV  [;S:Il](lt ci]ll~el~ltl]rc,  ‘I<hcsclcc[cd
ioa should rcplescat  arcalistic  Worst casc forlhc
cnvirontncat. Nioll~ciomsat  aOIIIIal  :lr~g,lcofillci(lct~cciszl
rcalislic  wors[casc,  bccauscthct’cis  noiacrcascd
susccplihilily  from gmz,iag ang]c ioa slrikcs as there is fw
inleg.ralcd cilcuits. “I’t]cl:lltcr:lll[Jrt)  iicll irl(lic~lles:lt{)lla~c
opcraliag,  lilnit tolhcdcsigncr  wtmc aa apply :Iclclii(il}gf:ictor
lollis(~}]c]flli(~tl,tJL]t ilalsoolf’m lilllccll:tllcc  locsliil]:llc(lle
failulc pwbabil ily if onc cbomcs to opcralc  above threshold,

“Ihe data [abala[cd Iv-m: ia one. cxkadcd  lab]c



.’,

‘jmscnls  tbIcslNJld  V]JS  for several groups of’ ions al a fcw
SC ICCtCd g,aIL’  s(mtcc volt+ws VGs, lollowini’ he scmml
(tt’colllll]cll(lc(l)  allpmacl). Sonic thcorclical  CIclc]t]]itl:ttic)lls
indicalc  Ilw eficcl of varying V[; S ( rclald 10 oxide field) lot
a fi xd dlain-souwc voltage. A ncar]y  standard Iccbniquc 10I
]nc.asul-iny, lhc lbtc.shold  V1~S omsis(s of tbc following slc.ps:

( I ) l’li(~l to any irdialion, nlcasLIIc  Ihc  drain source.

LWI Icnl a( Mc(I l)V I(w V[; S=O, or altcmtivcly measure the
actual bk’ak down V] )S for tbc same conditions. one  should
also l])casutc tlw gale-source carmnt al Inaxitnum rated gate
V(dla:,c (usually 20 v) 101 V])s=(). ‘1’hesc! Incastll”cll)cnls
cs[ablisb the n(mnal  (yma(ing L-llrIcnts.

(2) CYIOOSC a single gate voltage V(;S (stal I will] the
]cas[ susccplihlc mro vollage)  :ind hold il constant  for cacb
subsc(]ucnt  imdiatioll  s(ep, Ibr suuzssivcly  lalgcl  V])S. AI

lbr cnd 01” c:icb irradiation slcp 01, say, 105 ions/cn12,  change
ltw bias conditions back 10 tbosc usc.d in slcp ( I ) to ap,ain
dclcl tninc tlw Iwo currcnls  1(;SS and 1])SS.

(3) lailurc ]nny occur  a s  citbcr  ( 1 )  SIKil<  a s
evidenced by a large pcrlnancnt  incmse. in g,atc current
ranging bclwccn a I’raclion  of a millialnp up to the circuit-
ill~p(md  Iillli[ (say, 10 amps) or (2) Slil\  (burnout) cvidcnccd
by a slKNl across source- and drain as WCII  as a gale shorl.

(4) ]klayd l:ailarcs--  On occasions .11’1.  and otbcr
lest (~tg,;llliz;tliolls bovc seen delayed Iypcs of SIKil{.  On solnc
occasions, IIIC  g,alc curtcn[s  increased 10 - I InA during,
irradiation and tllcn inmwscd again to tbc circail limit daring,
posl-beam Icsls W}m’c, as always, v{; s was Icscl to 20V.
Anotlmr type of SIKiR lailuw  occLIts when the drain -sout”cc
voltayc is inctcnlcntd f’or the next test. SoInc  cxpcrimcnters
bavc nl(dif ’id Ilw ablap( change 10 max gate-source voltages
bctwccn  iwadiations,  by ratcbcting V(;S upward  in steps.

Ill. .Y//pporlit]<q SIlidic.v

SCVCI”:I]  co]]atct’a]  tfxts h:lVC been lIC’I kn’l]led by now.
Nichols d :11 (2), l;iscbcx (3), l’astd  (4), Mwrct (5) and “1’itus
(6)  havr dctnotlstrald lhal higbc] gra?ing angles of ion
incidcncc ba\Jc less cf’feet on Sl;ll  and Sli[;  l< than norlnally
incident irradiation. IIence tbc colnplications  involved in
calculalitlp, Slili  mtcs by dealing will] an cf~cclivc 1 .lirl’ vs
incidrnl  ion angle ale sinlplil’id.  (In aclutility, lberc is I1O
known  I’orlllal Inctbd  for cnlcalating, r a t e s  u n d e r  tbcsc
conditions for a spccificxl cnvimnmcnt  cxccpt 10 lake a vely
simplified worst case in which all strik angles aw assume.d to
af’fcc( tlw dcvicc cqual]y.] }Iigb tc.n~pcratut-c tests have bc.cn
lwII’01 IIICd (2,7, 8) showing  that Slill  is g,rc.ally  dud at
bighcr tcInpcILIlu  Ics due. to phonon  intcrlctcncc  \vitb the
avalancl)c burnout mccbanisln.  in conlrast,  bigb lcmpcrat  arcs
tend to ]wolnolc  S1 H< in a few cases, bill not in others (6).

It is noted that most transistors that (Iifkr only by dic
sim (c. p,. by  hav ing  a  diff’crcnt n u m b e r  o f ’  [bc saIne  sim

transist(w clctncnts or dls) have similar breakdown volta:cs
:1s CA}) CC IC(I, 1 10 WCW’1”, the.l”c alc a fcw occasions Wbcll  SllL’b
(lcviccs  yield widely (Iiffctcnt S1 ii i rcsalls.  11 is postulated
thal the diclccllic  oxide breakdown voltaxc (an unconttollcd
paraIIwtrr) may bc responsible for w:lfcl-to-wal’c.r  and dcvicc-
1<)-dcvicc  vdtiahilily 10 Sl;li.

‘1’his ]Iapcr presents Slill and S];(; R data fol
MOSl:lil’S  in ‘1’able I {01 all known ncw data taken up to
May, 1996-  as marked with an asterisk in column  1. lh(a
ale also included f’rom  c a t t i e r  tcsls for t h o s e  parts that  arc
closely rcla(ed  to parts f(w  wbicb ncw dala arc Mbulatd, so as
to pLlt tbc ncw (lala  in context. ~losely related dcvicc  data arc
tlmsc lying on a contiguoLls Low in the table’s data cnlrics. It is
noted thal ]nany tests al”c rcpcalccl in the dala sets-- useful  for
ShoWillg CollSi St Cl)Cy ill 111 OSt CaSt?S, bllt jX)SSib]y COSt
ineffective. Sonic dala arc taken at an C]evatcd tcnlpclatalc,
which consistently shows a bigbcr [hrcshold  voltage when
Slill  is the I’ailurc tnode. l)ata scls by 11SS arc par(icLllarly
uscfu] in comparing Ihc two tclnpcratarcs with a switched gale
bias, l)ynamic  testing, bas a dramatic cf’f’cct in forestalling
burnou(  failutcs,  by  intct”ruptin~. Ihc r a t h e r  S]OW failure
IIlo(lcs,

Six Ill:ltlllftlcttllcts atc rc]msentcd  in tt]is sccot I(l set,

which broadens the manufaclarcr base beyond that rcpm tcd in
Ref. 1-- prilllalily for lntctmational Rcctil’ict (INR) and }Iatris
(11 AR),  Most data :Irc fol’ con~il~crcia]  parls, but tbmc ate
sotnc ncw “m-hatd” Iccllnologics.

‘1’hc  d a t a  arc gl’ollpcd i n rows b y  dcvicc
tll:it]Llfzlctlltcr. Wittlitl e:icl]tlltltltl f:lct Lllitlgg l{)Ll]l,(lcviccs  with
lhc lowest twcaklown Y’olt:lp,c:llclistc(l firsl-- first n-ctlanncl
and then pchann cl. lkviccs that arc very silnil at, or the satnc
dc\Jiccs  tested with different conditions (e.g. V[; S) arc
&WLl]JCd  i n  loLlcbing! a(ljacent  rows. ‘1’hc c(JILIIIlns lisl
lll:lllllf;irtll l’cl’s, device l) LllllbC1’(S), C})anncl  type,  ald t e s t
s a m p l e  si7e. 11 is obsc]vcd that samples arc seldom Ialgc
cnoLlgb  t[)})lo~i(lerigotolls statistics, tl(l]21c }12ir21ctcli72ttioll  of
mavc.rick  t>cbavior  that  is  occasional ly notd. M o s t  d a t a ,
}KwCVCI, :II”C f’aidy l’CpCa(:lb]C.  SLlbSC(lUCllt  COILIIIII)S  liS(thC
l“211C(ltllC?lk(lo\\’11 \’()][il~C(]~v){lIICl ~il(C-SOLllCC\J()](d~C  \7[;S.

‘1’bc ncxl fi\’ccollltJltlsg  toll] ~ttlc(l:it:l” accmdingto
Icst ions. Single voltage entries in Ibc ion colulnns show a
failarc  vo]tagc; a slashed pair show a lmss/f:iil  voltage
tblcstmld.  I’bcfirst  column is follow-1 .ti’I’iot] stl:i\’il)g,l.l ~1’s
]ess than that c)i’tl]cciolllitl:ltlt  Ni/l:c/[:o/~;u  gl”OLlJ3i llc]LlClc(]  ill
C()]lln)n  tw’o. ‘I’hi S fil’St ~1’OLI]l iS LISCf’Ul ill jlld~, illg, thC
adeqaacy of postal alcd tbc(wics  (Sc.c lbrcxanlplc, ref. 3). It is
Imw oftc.n :mcplc(i Itlat  a cll:llttc[t’tiztlli(}ll with a sing,lc  ion of’
the  S(’Colld  ~,1’OLl]l INdy hc al l  that is nec(lcd  f’or  p r o j e c t
rcquircmcnls. ‘1’his v iew is  suppotldby twof a c t s :  (I)tbosc
I]calic] ions havinp a tlig,tlcll.1~1’tl:lvc Iluxcs  in outctspacc
tw(){)r tlllc.cc )r(lcrs( )ftl~:lgl~i(Llclcs  t~l; illcttt~:lll that ofthc  Ni/lk
gtoup, and (2) there is no need to account for cnbancd effects
frolll gla~.inp-an~]c  collisions having a bip,b “cffcctivc” (ang,tc-
(lciJcIIclcIIl)IIY1’. 'l'l}ctl]ilclg l(JllJJit ltllct:  it>lcil lclll(lesllr:lllcl
Kr(ItY1’=37h  4e.V/l]lg/cll]2  ),tt:l(liti{lt]:ll  l]igl]l,li’I’ iot~sattllc
llmokha\Jcn VaII lk[iraaff’(llNl,)  and [1. (~, IIcrkelcy 88-
inch cyclotron (88),  rcspcctive]y. “1’be folll’th ~,l”OLll> inuladcs
the bigkst l.lirl’ ions c:isily available at the :lforc]l~ct~tiol~c(l”
facilities. ‘1’bc fifth column includes data from very high
encl’gy  (10-I(K)  McV/amu) facilities: [k IIc.rkclcy  l~cvalac
(t~()\+( ic{’Llt~ct):  ll~(i[iANll(  ];t’;il]cC).  It istbis last .gmupof
iom tbal prescn( some inconsislcncics  with tbc lovmt energy
] I i’1’ c}]:lr:[clcl’i?:ttiotls, for rcawms  thal have not yet bccl~ fully
cxplaind, S(~lllc () fltlisc()l~llll] lscl:irc cl]l]l[y f{)ltl)ist ]}>(l:ilc;



.
tlIcy aIc IICVCI(IEICSS  rc(:titd to ix compatible with lbc lnt~,cr
(1:11:1  St’1 of I< Cf. I

‘1’bc rcnlaining set of columns p r o v i d e  tlw fdilurc

n~(dc,  Ilw Ic.st g,roup,  test (iatc, ion facility and “l<cmarks.”  II
i s  usc.ful to know th;il INI<  uscs 7000 and 8000 t~ul]lhcrs  10
slwcii~y mcll:it~t~cl  dcvicm with 1 (N Kr+id  and I Mrd total
d(Mc tt)lcr:incc, Icspcc{ivcly;  both IN]<  ad llarris  usc 9000
t~NInbcIs  {or ]]-ct]:lnncl  dc.vimx. ~’he SCCOIKI IN]< IIlfr  Illllllkl”
(01 II)c  first foI lbrcc-digit pat-( designations) relates 10 tile
blcilk(lowll Vollag,c. ‘1’hc next number is Icl:ilcd 10 IIlc dic
sin--  lllc lar~,cl this IIllmbcl’, Ihc largct’ tbc dic sim and
(LIsutilly) the I;lrgcr  tllc nuinbct o f  inclivi(lual  CCIIS. INR’s
ICI ICI “11“ in Ilw third place froln the lefl 01 the Icttcr pdix
II]cilns Illdl ll)c dcviccs am especially designed 10 bc radi:ltion
resislant  10 tot~ll dose. 11 turns out tlmt such dc\)iccs arc also
vcty rcsisl:ln(  to sitlglc cvcIll effects as well. ‘1’hc four(b  lctk:t-
of INR (which mny bc “}1”) and [he third  letter  of 11A]<
dcviccs  i s  a  ]mckagc  (Icsignalion  not  cxpc.dd 10 affc.cl
Sl;lVSIKiR data. llarris d e n o t e . s  d hard  tolcrancc will] a
suff ix alter tbc  dcvicc Dumbc.1-; 1<= 1 (K) Krad and 11= I h4r:l(l.

l;S1; is a rcccnl II:lrris dcsi~nation  f o r  t h e i r  Sllli  hard
tccl~m)logy  -- :1 cl:iitl~ defined by [bc d:lt:l given in ‘J’tIblc 1.

VI.  Co)lclll.vl[)rl

‘1’llis upd:ltcd compctdium 01 Sliti  cffccls (Slill  and
SliG1<) in power MOSlil TI’s  cnn bc combind will}  the. daln
ptcscntcd in hf. 1 to provide a useful  data base for dcsignm
of”  sntcllitc :IIKI sp:tcc  s y s t e m s . SOIIIC  cxtl:ll>ol:ltiolls” mny  bc

w: IIr;IIltc(l, and solnc cnutiondry  o b s e r v a t i o n s  are  a l s o
prxlvidcd. ‘1’cslitlg  with only ot~c ion is  Of(cn acccptal>]c fot
syslcm rcquircnwnts; lhc Icd  LIcc.d effect 01 incident ions al
oblique. anr,lcs ]Mcscnts  at) ilnporlatlt sill~I>lii’ic:i[ioll  lot p:irh
selection if parls are :Ivailablc thal mc.ct t h e  mcasurd
threshold w)llag,c failutc Icvc.ls for the highc.sl-l J i-l’ populat iotl
{d’ :Iny consequctlcc  in space-- the Ni fi;c g,roLIp.

J]’], wishes to that]k CbaIlc.s Bnrncs, radiation cffcc(s
supervisor, }Iarvcy Schwartz, and M i k e  O’ConnoI  for test
sup]mrl and pt cparlltion. ‘1’hc rcscdlch  dcscribd  in this
]>ublication  was carried CSUI in parl by [bc Jet l’repulsion
1 ,:ltx~ratory, (~:llil’ornio ]nstitute of I’ccbnolopy,  u n d e r  [l
ctIIIltacl witl] Ihc National Acrwnnutics  al~d S p a c e .
Acltllillis(ltlliot].  Rclcrcncc herein to any specific colnmc.lcial
pl”()(lllcl, pl”occss or service by trade name, tradclnark,
]l):lt]l]filc(llrct,  01 oll]crwise,  does not cohslilule  or ilnp]y  the
cndorsctnc.n(  by the United States g,ovcrnmcnt  or Ihc .lct
l’l(~pulsi(~tl  I ,:lborat(wy,  Califot-nia  1 nstilutc of ‘f ’ccbnology.

‘1’t]:lllks  arc  also due to staff at the IIrookll:lvcl)

Nationnl 1,:lbor:ito]y Vat) d e  Granff, t he  LJnivclsity o f
Wdshing,ton \r:in dc Graal’f, and (he 1 .: IW’I’CIICC.  llcrkclcy
1 .almaloty  88-inch cyclotron.
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